Abstract-This paper is about an interesting application of the Frequency Modulated Continuous Wave (FMCW) radar system for the traffic surveillance. By introducing a novel monitoring mode, it is designed to provide synchronously the velocity measurements of all the vehicles within the radar footprint. To achieve a precise estimation of the real speeds of the moving vehicles, a Joint Maximum Contrast and Map Drift (JMCMD) algorithm using the autofocus technique is proposed in this paper. Those autofocus techniques originated from synthetic aperture radar data processing are analyzed and coupled here to form a two-step algorithm. Firstly, the maximum contrast method is used for a coarse estimation to get the rough velocity of the target. Then, the more accurate velocity of the target is obtained by using the map drift algorithm. The simulation results illustrate the errors of the measurement accuracy are less than 1km/h, which satisfy the practical requirements.
I. INTRODUCTION
The automatic measurement of the velocities and lengths of the vehicles using radar techniques could help to realize the intelligent traffic control and improve the safety on the highways [1] . However, the conventional traffic surveillance radar systems suffer from both the high cost of its hardware and the corresponding large computation load due to the limitation of the individual measurement for a vehicle [2] . An interesting application of Frequency Modulated Continuous Wave (FMCW) radar systems for the traffic surveillance has been discussed in literatures [3] . The proposed FMCW radar system (see in Fig.1 (b) ) has some properties that are distinctly different from the conventional one (see in Fig.1 (a) ). It is obvious that the vehicles within the footprint of the radar beam can be illuminated simultaneously in this novel monitoring mode [4] [5] .
Most of the traffic microwave radars measure the speed by making use of the well-known Doppler effect [6] . In the conventional working geometry, it is essentially based on the measurement of radial velocities. However, in the proposed working mode, the radial component of the actual speed is insignificant because the moving direction of a vehicle is approximately perpendicular to the radar line-of-sight. In fact, 
II. SIGNAL MODEL AND ANALYSIS OF SIGNAL

CHARACTERISTICS
The signal from the FMCW radar is [7]  
where  is the time of the distance,   r w  is the window function of the distance, 0 f is the carrier frequency and r K is the chirp rate.
The echo signal of the target B is
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where  is the wavelength, Because the tangential velocity becomes higher when the radial velocity becomes lower, we can get another important Doppler parameter. We define dr f as the chirp rate of the echo signal 
In the equation (7), 0 rc   , and cos (8), we can clearly see that the chirp rate only depends on the velocity. In another word, we can get the velocity by estimating the chirp rate. Then we will research the method to get an accurate chirp rate.
Get the echo signal
Get the coarse chirp rate Here we propose a Joint Maximum Contrast and Map Drift (JMCMD) algorithm to get an accurate velocity. The algorithm can be summarized as two steps. Firstly, the maximum contrast method is used for a coarse estimation to get the rough velocity of the target. Then, the more accurate velocity of the target is obtained by using the map drift algorithm. The flow chart of the method is shown in Fig.2 .
We define a MN  radar images   , mn s , where m is the azimuth number, and n is the distance number. We also define From the equation (9) and the meaning of the radar images, we can get that the contrast becomes bigger when the Doppler chirp rate is more accurate and the images focus better. Thus, when the contrast of the images is the maximum, the corresponding chirp rate is the real Doppler chirp rate. The maximum contrast method is summarized as follows: (1) Compress the distance member of the echo signal (2) Extract the sub-echo signal of each target by using the window function (3) Choose a proper search interval according the priori information and use the search value to compress the azimuth member of the echo signal 
IV. SIMULATIONS RESULTS
The parameters of the proposed FMCW radar system in the simulation are listed in Table 1 . Two targets are shown in Fig.1  (b) . Target B represents a slow-moving bus and target C is a high-speed car. They have opposite running directions according to the vehicle position in different lanes. It should be underlined that in Fig.3 we show four different velocity search intervals using the same maximum contrast algorithm in the range Doppler signal domain. As depicted in Fig.3 , the optimal interval for measuring the target's coarse speed is 10 km/h. Fig.4 shows the two echo signal image compressed in the distance. And Fig.5 shows the results of coarse velocity by the maximum contrast method. After the coarse search processing, the target's accurate velocities could be calculated using the map drift algorithm (see in Fig.6 ). The simulation results are shown in table 2. Following the proposed scheme of signal processing, we achieve a precise estimation which error is smaller than 1km/h. The error is acceptable to maintain a relatively high accuracy and meet the requirement of the traffic surveillance system. Compared with the conventional Doppler radar system, the proposed FMCW radar system can provide real-time velocity values of the vehicles in multiple lanes of the traffic environment which is of great value for traffic surveillance applications. Through the introduction of the autofocus technique in SAR processing, the targets' velocity could be accurately estimated without heavy computation burden. The simulation results also illustrate the effectiveness of the proposed approach.
